Summary: A chemiluminescence procedure has been developed to determine superoxide anion (O2-) generation and myeloperoxidase (MPO) release from human activated neutrophils. By using this procedure, the role of protein kinase C (PKC) and cytosolic calcium ion ([Ca2+]i) for O2-generation and MPO release was examined. Activation of FcyR on neutrophils with IgG-coated zymosan (IgGZ) caused a transient rise of [Ca2+]i, followed by O2-generation and MPO release. A PKC inhibitor suppressed completely the O2-generation and slightly the MPO release. Direct activation of PKC by a specific PKC activator, phorbol myristate acetate (PMA), induced a remarkable O2-generation and a small MPO release, indicating that PKC may regulate entirely O2-synthesis and partially MPO degranulation. Influx of extracellular Ca2+ induced by the calcium ionophore A23187 provoked MPO release only. Complete inhibition of this MPO release with a Ca2+/calmodulin (CaM)-coupling inhibitor and a CaM inhibitor provides evidence that [Ca2]i +may regulate MPO degranulation through direct activation of CaM, but not PKC. The Ca2+lCaM inhibitors significantly prevented IgGZ-induced O2-generation and MPO release, while they did not affect PMA-induced O2-generation and MPO release. These results suggest that in FcyR-stimulated neutrophils, [Ca2+]i activates CaM, which in turn mediates not only activation of PKC-induced O2 synthesis and MPO degranulation, but also MPO degranulation without PKC intermediate .
INTRODUCTION
In human neutrophils, the initial product of oxygen reduction is the superoxide anion (O2-), which spontaneously or enzymatically dismutes to hydrogen peroxide [1] . Following this reaction, hypochlorous acid is formed in a reaction catalyzed by released myeloperoxidase (MPO) and chloride [2] . The intracellular molecular events which initiate O2-synthesis in neutrophil have been gradually elucidated [3-6]: it appears that intracellular calcium ion ([Ca2+]i) mobilization and subsequent protein kinase C (PKC) activation are responsible for the initiation of NADPH oxidase-dependent O2-production. However, studies on the mechanisms that control degranulation of MPO by neutrophils have been limited by the difficulties in continuously determining this enzyme. Recently, Kitamura [7] has established a simple chemiluminescence (CL) procedure for the determination of 02® generation and MPO release from human activated neutrophils. By using this CL procedure, the present study examined the role of PKC and
[Ca2+]i in neutrophil O2-synthesis and MPO degranu atop.
MATERIALS AND METHODS

Chemicals and media
Materials were obtained as follows: Hanks' balReceived for publication June 14, 1999 anced salt solution (HBSS) degranulation. The first pathway is reflected in the neutrophil/PMA system, the second pathway in the neutrophil/CIA system, and all pathways in the neutrophil/IgGZ system. It is now possible to investigate the pharmacologic actions of various drugs on neutrophil respiratory burst by using these neutrophil/stimulus systems and CL procedure for the determination of O2-generation and MPO release. This study did not reveal the mechanisms of MPO degranulation subsequent to activation of PKC and Ca 2+/CaM. Further follow-up studies are needed to elucidate the molecular events leading to mobilization of secretory granules and exocytosis of MPO in human neutrophils.
